INTRODUCTION
Gibbs was one of the first to describe the problem of pain during mastication that was unrelated to caries or infected teeth. ''A vertical root fracture is a longitudinally oriented fracture of the root that originates from the apex and propagates to the coronal part'' as defined by American Association of Endodontists (AAE). From a horizontal aspect, the fracture initiates in the root canal wall and extends to the root surface, involving either one side (incomplete) or both sides (complete fracture).
Vertical root fractures belongs to one of the five categories under cracked tooth syndrome which is classified by American Association of Endodontists (AAE) as ( Craze lines-confined to enamel Cuspal fracture-usually diagonal fractures that do not involve the pulp directly Cracked teeth-incomplete vertical fractures, often involving the pulp Split tooth-complete vertical fractures Vertical root fractures (VRFs)-longitudinal fractures, usually of endodontically treated teeth. Vertical root fractures can be difficult to differentiate from failing endodontically treated teeth or teeth associated with periodontal disease. They usually occur in endodontically treated teeth, although occurrence in non-restored teeth has been described. In molar teeth, the fracture is most commonly bucco-lingual in 1 
Clinical findings
the ability to simulate a bolus of food and allow pressure on the occlusal surfaces. The small cupped-out area on these instruments is placed in contact with the cusp to be tested. The patient is then asked to apply biting pressure with the opposing teeth to the flat surface on the opposite side of the device to elicit pain. Occasionally, the patient can be aware of a sharp cracking sound at the time of condensation of gutta-percha or the cementation of a post. Bleeding during condensation of obturating material and an apparent lack of resistance within the canal during condensation are also signs that a vertical root fracture is present. Selective Sensitivity: Vertical root fractures may manifest as a selective sensitivity when the tooth is percussed in a particular direction. The back end of a dental mirror handle is a useful instrument. Swelling: if present the swelling is usually broadbased and mid-root in position. Palpation will often show swelling and tenderness over the root itself, but little swelling in the periapical region. When a sinus tract is present, it may be situated in or close to attached gingiva rather than in the apical region. Double or multiple sinus tracts are common. Where multiple sinus tracts are present one or more of these tracts may be located some distance from the involved tooth. The insertion of a gutta-percha point into each sinus tract can assist with diagnosis. A common feature of vertically root fractured teeth is the development of deep, narrow, isolated periodontal pockets ( Figure 2 ). When the It is common for such teeth to have been treated repeatedly by surgery before the presence of a fracture is diagnosed. A vertical fracture should be considered a possibility when surgery fails for no obvious reasons. Transillumination and dyes: Methylene blue dye, when painted on the tooth surface with a cotton tip applicator, will penetrate into cracked areas. The excess dye may be removed with a moist application of 70% isopropyl alcohol. The dye will indicate the possible location of a crack. Directing a high-intensity light directly on the exterior surface of the tooth at the cementum-enamel junction (CEJ) may indicate the extent of the f r a c t u r e . Te e t h w i t h f r a c t u r e s b l o c k transilluminated light. The part of the tooth that is proximal to the light source will absorb this light and glow, whereas the area beyond this fracture will not have light transmitted to it and will be gray by comparison. Similarly another method requires a dye soaked cotton pellet to be placed followed by temporary restoration and evaluation of dye penetration in the next appointment.
While the clinical presentation of a vertical root fracture can be variable, radiographic signs are quite specific. These signs can vary considerably from case to case, depending on the angle of the X-ray beam in relation to the plane of fracture, the time after fracture and the degree of separation of the fragments. Separation of root fragments: When separation of root fragments occurs, the root fracture is clearly visible. Once separation of fragments has occurred, proliferation of granulation tissue often results in the rapid movement of the fragment away from the remaining root ( Figure 4 ). Fracture lines along the root or root filling: Direct Space beside a root filling: Minor separation of fragments can result in the radiographic appearance of a vertical space adjacent to the root filling material in an otherwise well obturated canal. Vertical root fractures should be suspected if the root filling appears well condensed but is in close contact with only one wall of the root canal. Space beside a post: When a post is present in a vertically root fractured tooth, slight separation of the fractured fragments can result in the appearance of a space between the edge of a root canal, which may be coated with cement, and the post itself. Double images: When separation of fragments occurs in a direction other than parallel to the x-ray beam, overlapping of fragments may result in double images of the external root surface. Radiopaque signs: Where a vertical root fracture is present prior to root filling, or occurs during the root filling procedure, extrusion of cement or root filling material can occur into the fracture site or apically. This "cement trail" can be seen up or across the root. It can be confused with the obturation passing through accessory canals, but the appearance is more diffuse in cases of vertical root fractures, with no observation of a symmetrical lateral canal passing from a main canal. Where separation of the fracture occurs during root filling, extension of root filling material through the apex can result in a tangle of accessory points at the apex called as "apical spaghetti". Widening of periodontal ligament space: Wide enlargement of the periodontal ligament around the whole length of the root is an indication that the tooth is vertically fractured. The radiographic appearance of bone loss is quite different from that seen in a periapical lesion where apical bone loss can occur but without destruction of the lamina dura along the root surface. Radiolucent halos: When the plane of fracture is at right angles to the X-ray beam, the pattern of bone loss appears wider and more diffuse than that seen in bucco-lingual fractures. Pitts and Natkin have described this appearance as a 'halo-like' radiolucency ( Figure 5 ) running around the whole l of the tooth. While the width of the diffuse bone loss may vary, a radiolucent halo which runs around the whole of the root surface is a classic sign of a vertical root fracture. The pattern of bone loss forms "V-shaped" radiolucency.
Step-like bone defects: When the fracture runs obliquely across the root, or where the fracture does not extend into the apical portion, a characteristic step-like bone defect develops. Additional radiographic examination with the Xray beam angled 15 degrees to the mesial or distal may provide a better view of the defect. Isolated horizontal bone loss in posterior teeth: It is unusual for one tooth in a dentition to be severely involved with periodontal disease without involvement of other teeth. When only an isolated tooth shows bilateral horizontal bone loss the presence of a mesio-distal root fracture should be expected, particularly in the presence of apparently successful endodontic therapy. Unexplained bifurcation bone loss: Where bifurcation bone loss occurs for no apparent reason and without any obvious sign of apical pathosis, the presence of a vertical fracture through the bifurcation needs to be considered. V-shaped diffuse bone loss on roots of posterior teeth: Where the buccal roots of maxillary molars or the roots of lower molars are vertically fractured, the characteristic radiographic image of bone loss is a diffuse V-shaped radiolucency, widest at the crestal bone, narrowing towards the apex.
Resorption along the fracture line: This resorption may occur apically where it causes a J-shaped notch in the apical region, or longitudinally along the whole length of the fracture, giving the appearance of an irregular long resorptive defect running along the gutta-percha root filling. Dislodgement of retrograde filling material: It can occur due to inadequate retention. Other radiographic technology includes cone beam computed tomography (CBCT) and optical coherence tomography (OCT). Shemesh H et al suggested optical coherence tomography as a promising non-destructive imaging method for the diagnosis of vertical root fractures. It is a highresolution imaging technique that allows micrometer scale imaging of biologic tissues over small distances.
Direct observation of the fracture is the only sure way to confirm the presence of the fracture in many cases. Gentle retraction of the soft tissues in the region of the suspected fracture line with a flat plastic or other instrument (under anaesthetic if required) may be sufficient to view the fracture on the root surface. Location of the fracture can be assisted by passing a sharp probe lightly over the tooth surface. A 'clicking' sound can be heard as the probe is passed over the fracture line. Where this is not possible, reflection of a small flap is recommended in order to view the root and confirm the presence of a fracture ( Figure 6 ). 
Direct visualization of the fracture
A fibre-optic light is a useful diagnostic tool, particularly where the fracture is not stained, or where separation of fragments has not occurred. A fracture may be observed extracoronally before endodontic treatment; its depth can be visualized intracoronally with the dental operating microscope after an endodontic access has been created.
Treatment of vertically fractured teeth is difficult and is dependent on the tooth type as well as on the extent, duration and location of the fracture. A majority of vertical fractures involve the gingival sulcus and result in destruction of the periodontium to the apical extent of the fracture, due to ingress of bacteria and other irritants, resulting in alveolar bone loss in almost all teeth. Repair of the periodontium and the bone cannot occur in the presence of the bacterial infection. The aim of treatment is therefore to eliminate the fracture either non-surgically or surgically and the leakage of bacteria along the fracture plane. Multirooted teeth can often be successfully treated by resecting the fractured root, either by root amputation or hemisection.
Glass ionomer cement, composite or cyanoacrylate may be used to bond the two fracture segments, preventing further propagation of the fracture. An in-vitro study assessing the resistance to fracture of root segments bonded with glass ionomer cement, composite resin, and cyanoacrylate concluded that the bond strengths of composite resin and cyanoacrylate were superior to glass ionomer cement. Calcium hydroxide has been used to promote issue repair and resolve osseous defects before the roots were restored. Teeth treated with calcium hydroxide, then 'reinforced' with glass ionomer cement, have shown healing at six month follow-up appointments.
Trope and Rosenberg extracted both segments of a maxillary second molar and protected the periodontal ligament by soaking it with Hanks balanced salt solution, while bonding the segment with glass ionomer and subsequently replanting the tooth using Gore-tex membrane to establish a new periodontal attachment.After six months, they reported a reduction in pocket depth from 10 mm to 2-3 mm this was followed by crown placement after 1 year. Takatsu et al. used orthodontic elastics to join the buccal and palatal segments of a vertically fractured maxillary second molar which were then sealed with a photocured resin liner followed by endodontic treatment and restoration with a cast crown.
An in vitro study by Arakawa S et al. proved CO and Nd:YAG laser to be an ineffective way to fuse fractured tooth roots due to very high rise in temperature.
Prognosis for posterior teeth is good, provided the fracture can be removed in its entirety. Prognosis for single rooted teeth is poor and extraction is often the treatment of choice.
To conclude it can be rightly said that diagnosis is the art of identifying a disease from its signs and symptoms. Although scientific devices can be used to gather some information, diagnosis is still primarily an art because it is the thoughtful interpretation of the data that leads to a diagnosis. The constant ingress of bacteria into vertical root fracture provides an open pathway from the oral cavity to the supporting periodontal and alveolar tissues resulting in various clinical and radiological signs. It is important that clinician has a sound knowledge about the subject and is equipped with the recent diagnostic technologies so that accurate diagnosis of the vertical root fracture can be made and best possible treatment can be rendered to the patient. 
